Abstract: Background: The aim of this study was to investigate the correlation between maternal serum homocysteine (Hcy), folate, vitamin B12 (VitB12) and the development of pre-eclampsia (PE).
Introduction
Epidemiological studies have shown that preeclampsia (PE) complicates about 3% of pregnancies and all hypertensive disorders affect about five to 10% of pregnancies [1] . Gestational hypertension (GH) or pregnancy-induced hypertension (PIH) is the development of hypertension during the pregnancy without the presence of protein in the urine or other signs of PE. Another indication of GH includes blood pressure greater than 140/90 mm Hg. PE is defined as a disorder of pregnancy characterized by the onset of high blood pressure and often a significant amount of protein in the urine. Whether GH and PE are different stages of the same disease of is still up for debate [2] .
Hcy is an important intermediate product in methionine metabolism. Folic acid and VitB12 are important intermediate products for homocysteine synthesis [3] . It had been proven that elevated serum Hcy is a risk factor for both cardiovascular disease and vasculopathy [4, 5] . Although the exact pathogenesis of PE remains unclear, some studies have demonstrated that the development of PE is associated with general endothelial dysfunction, including vasoconstriction and end-organ ischemia [6] . Studies have also shown that endothelial cell injury or dysfunction is central to the development of PE [7] . Elevated plasma Hcy levels can lead to vascular endothelial damage, but the correlation between plasma Hcy levels and PE development is not consistently reported in the literature [8] . Under the action of folate acting as a methyl donor and VitB12 acting as a coenzyme, Hcy can be re-methylated into methionine. Therefore, serum folate and VitB12 are involved in the regulation of serum Hcy concentrations. Implicit in this generalized endothelial dysfunction may be an imbalance of angiogenic and anti-angiogenic factors. The relationship between serum Hcy and PE has been discussed previously in different publications [9] [10] . However, the gradual changes of maternal Hcy, folate and VitB12 from GH to severe PE has rarely been reported. In our present work, we evaluated 
Material and methods
Patients: Seventy-eight normal pregnant women (without hypertension and proteinuria during the pregnancy (control group)), 66 cases of gestational hypertension (GH group) and 82 cases of pre-eclampsia (PE group, with 56 cases of mild disease and other 26 cases of severe disease) were included in this study. The maternal serum Hcy, folate and VitB12 levels of the included cases were examined between 11 to 13 weeks gestation and compared between each group.
Inclusion criteria: (1) Written informed consent was obtained from all patients. (2) The GH and PE were clinically confirmed. The PE was diagnosed if blood pressure was continuously elevated after 20 weeks of gestation with >=140/90 mm Hg together with proteinuria (>=300 mg of protein over 24 hours, or a random dipstick urine determination of >=1+ protein or >=30 mg/dL). Blood pressure was elevated on at least 2 occasions more than 6 hours apart. Informed consent: Written informed consent was obtained from all patients according to the declaration of Helsinki.
Ethical approval: The research related to human use has been complied with all the relevant national regulations, institutional policies and in accordance the tenets of the Helsinki Declaration, and has been approved by the ethics committee of Lishui Central Hospital (Lishui Hospital of Zhejiang Unviersity; 5TH Affiliated Hospital of Wenzhou Medical University). 
Maternal Serum Hcy, Folate and Vitamin B12 Detection

Results
Baseline demographic characteristics of the included cases
The general characteristics of the included cases are demonstrated in Table 1 . There was no statistical significance in the BMI, primiparous, smoking history, drinking history, age of husband and education level (p all >0.05). However, the age of control group was significantly lower compared to the PE group (p<0.05) while the age of GH and PE groups were not statistically significance (p>0.05). This suggests that age maybe a potential risk factor for PE.
Maternal Serum Homocysteine, Folate and vitamin B12
The mean levels of serum Hcy, folate and VitB12 were showed in Table 2 . The serum levels of VitB12 were significantly higher in control group compared to that of GH and PE groups (p<0.05). The serum level of Hcy in PE group was significantly higher than those of control group (p<0.05). However, the serum level folate in PE group was significantly lower than those of control group (p<0.0) (Figure 1) .
Maternal Serum Homocysteine, Folate and vitamin B12 comparison between mild and severe PE patients
Notably, the maternal serum Hcy and folate levels were found to be significantly different between mild and severe PE patients (p<0.05). However, the maternal serum VitB12 was not statistically different between mild and severe PE patients (p>0.05) ( Table 3) .
Correlation between maternal serum Hcy, folate and vitamin B12
The association between maternal serum Hcy, folate and VitB12 were tested by Pearson correlation test. A significant correlation was found between maternal serum Hcy and VitB12 (r=-0.34, p=0.001) (Figure 2 ). 
Discussion
PE is one of the most widely diagnosed pregnancy-related complications with the incidence rate of 3% of all the pregnancies [1] . However, the exact pathogenesis has remained unclear. Studies have shown that endothelial cell injury or dysfunction are important factors in the development of PE [11] . Elevated plasma Hcy level can lead to vascular endothelial damage, but the correlation between plasma Hcy levels and the risk of development of PE has not been clearly demonstrated in previous publications [12] [13] [14] [15] . Hcy promotes the production of reactive oxygen species, also known as free radicals, which results in oxidative stress and damage of vascular endothelial cells, thus causing systemic arterial spasm and other pathophysiological manifestations, which conforms to the pathogenesis of PE. Studies have found that the plasma Hcy levels in PE patients is about 1.7 to 1.8 times higher than that of normal pregnant women [16] . Acilmis et al. (2011) have shown that the occurrence of hypertensive disorders in pregnancy is related to an increase in the plasma Hcy levels in pregnant women and that the level of Hcy is related to the severity of the disease [17] . In our present work, we found that the serum levels of Hcy in PE group was significantly higher than those of control group (p<0.05). Additionally, the serum level in severe PE patients was significantly higher than those of mild PE patients. This indicated that with the development of PE, the serum Hcy had gradually increased, thereby suggesting that Hcy may play an important role in the development of PE. However, the exact mechanism of action of Hcy in the development of PE is unclear. Folate and VitB12 are essential for DNA synthesis and cell growth, which were also involved in Hcy metabolism. A lack of folate and VitB12 may lead to an increase in serum levels of Hcy. Previous publications have shown that an increase of dietary folic acid can lead to a reduction in the serum levels of Hcy along with a reduced risk for developing PE [18] . However, other publications have indicated that this increase in folate dietary intake is not associated with a decrease in the serum Hcy levels [14] . In our study, we found that the serum level of folate and VitB12 were significantly lower in the PE group compared to the GH group. We also found that in patients with severe PE, the serum levels of folate and VitB12 were significantly lower than those of mild PE group. This data suggests that decreased serum levels of folate and VitB12 are linked to the development of PE which was in accordance with the previously reported studies.
Conclusion
Hcy, folate and vitamin B12 may play an important role in the development of PE and could be potential serological biomarker for early PE diagnosis. However, due to the small sample size, limited statistical power and inconsistent findings of previously publications, the effects of Hcy, folate and vitamin B12 on the development of PE should be further evaluated.
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